Abstract. The main advantages of maritime transport are (1) lowest costs, (2) large-scale carriage capacity, (3) carriage of different goods over long distances and (4) the most acceptable mode of transport in the context of the environment. This mode of transport is considered more profitable and more cost-effective than all other transport modes. Modern maritime ports have become the essential nodal components of freight transport networks. This paper is focused on determining the most suitable layout of space for the loading units warehousing and handling in the maritime port using the particular method. In the paper, four types of layout and five criteria were taken into account. Layout of warehousing and handling space can affect the entire transport process and can have a great effect on the economics of enterprises.
Introduction
Maritime transport is considered a fundamental part of both global economy and international logistics (Nazari 2005) . That is the reason why maritime ports are regarded as meeting points of driving market entities (demand and supply).
Given the significant growth of importance of intermodal transport over recent years and the high utilization of the world's maritime ports, layout of warehousing and handling space in these objects is supposed to be the one of the best way to strengthen their productivity and economics.
It is proved that warehousing and handling space has a direct effect on the loading units stacking (Nazari 2005) , reloading and transport operations in maritime ports. Layout of handling space determines the allocation of loading units as well as the transport infrastructure network of the port.
Logistics of Maritime Ports and Transportation Services
Maritime ports are a key factor of maritime transport system (Seaport Intermodal 2014) . Maritime ports have become essential nodal components of freight transport networks. The fundamental concept of maritime ports relates to the specialized zones offering space and common services to the transport operators, logistics providers and shippers.
Maritime ports can generate internal and external effects (Seaport Intermodal 2014) . The internal effects refer to advantages for users in sharing the total acquisition and operating costs of common facilities, equipment, and services offered, without heavy and risky investments in building their own. Other benefits stem from increased interaction among users. Freight maritime ports also generate larger-scale or external (network) effects, such as traffic diversion and modal shift, land use reorganization, changes in the local economy and employment, lower energy consumption, and environmental benefits (Drašković 2008; Seaport Intermodal 2014) .
Distribution of goods depends on transportation. This is because transportation services in the region rely on transportation network and its development, integration, charges, assortments and quality service. Maritime ports develop various activities related to consolidation; warehousing; storage; handling operations; shipment coordination; services to transport modes, transport units, and human resources; banking; and other cargo administrative services.
They can include many other accompanying activities -packaging (Drašković 2008) , coding, marking, palletizing, labelling, stowing goods in containers, etc., as well. The core of logistics is creating added -value through fast, efficient, and quality transportation of freight by different means of transport that are on disposal (Tauzović 2001 ).
Decision-Making Problems
Selecting the most suitable layout of space for warehousing and handling, the loading units can be viewed as a decision-making problem in which the final decision is influenced by a group of external factors (Edwards 1954) .
According to Anderson et al. (2011); Clemen (1997) ; Dömeová et al. (2006) ; French (1986 French ( , 1989 and Keeney, Raiffa (1993) , for the purpose of solving the decision-making problems the methods of multi-criteria analysis can be used.
The decision means to choose one option from a list of potentially viable variants against several criteria in a given situation (Belton, Stewart 2002; Brožová et al. 2003) . Next to the list of criteria indirectly forming the objective of the decision analysis, it is necessary to have a list of variants from which to choose. Cases where a clearly defined list of potential variants is available are more or less the exception than the rule (DCLG 2009; Zavadskas, Turskis 2011) .
The general procedure for the multi-criteria analysis (evaluation of variants) involves six relatively distinct steps (Belton, Stewart 2002; Berger 1985; Fotr et al. 2006; Pearman et al. 1989; Zavadskas, Turskis 2011): 1) identification of variants; 2) establishment of a set of criteria; 3) determination of criteria weightings; 4) determination of criterion examples; 5) partial evaluation of variants; 6) selecting the most suitable variant. Fiala et al. (1994) ; Ivaničová and Brezina (1997); Jablonský (2007) ; Kalčevová (2008) ; Ramík (1999) ; Shanteau et al. (1999) and other authors carried-out the analysis of the existing methods used for solving multicriteria analysis issues. Some of them do not take into account the weight of each criterion and therefore are not appropriate for this paper because in the group of criteria, which influence the layout of handling space, significant differences in the importance of criteria exist.
A detailed description of methods of multi-criteria analysis can be found in the following literature as well: Eglese, Hendry (1990) ; Fotr et al. (2006) ; Hindls et al. (1997) ; Stopka et al. (2014a) ; Zavadskas, Turskis (2011); Zopounidis, Pardalos (2010) .
Overview of Methods for Determining the Criteria Weightings
Determining the criteria weightings is closely related to the completeness of a set of criteria reflecting the essential characteristics of the variant. It is usually a crucial step in the analysis of the model of multi-criteria analysis. The information obtained in any way is used to determine the preferential relations between variants depending on the objectives of the entire analysis (Fotr et al. 2006; Triantaphyllou 2000; Saaty et al. 1983) .
Methods for determining the weightings (Table 1 ) can be divided according to the information we have on the preference of criteria (Klicnarová 2010; Mabin, Beattie 2006; Mlynarovič, Hozlár 1993; Saaty et al. 1983; Saaty 1983; Stewart et al. 2013; Zavadskas, Turskis 2011) :
-the user has no information; -methods working with ordinal information; -methods for determining the weightings of criteria from cardinal information. No information. The investigators cannot or do not want to decide on the level of preference among the criteria. It is assumed that there is a criteria matrix quantified by cardinal values. 
Method of equal weights
The same weight is assigned to all criteria (Klicnarová 2010; Stopka et al. 2014a; Zavadskas, Turskis 2011) .
Suitability of the method (ü). Using the method for this type of tasks is unsuitable because it does not allow for the specification of preferences among criteria.
Entropy method
The method uses the assumption that the criterion is not very important if the values of all variants in the criteria matrix according to this criterion are similar; and vice versa, the more the values of individual variants differ, the more important the criterion is. Therefore, this method can be used to determine the weightings of the criteria (Jablonský 2007; Kalčevová 2008; Ríos 1994; Stopka et al. 2014a ).
Suitability of the method (ü). Using the method for this type of tasks is unsuitable. To a certain extent, it allows for the determination of preference among the criteria; however, this preference is dependent on the individual values within the criteria matrix. Moreover, it does not reflect the true significance of each criterion.
Ordinal information on the criteria. These methods assume that the investigator is able and willing to express the importance of each criterion by assigning all the criteria their serial numbers or when comparing all pairs of criteria they will decide which criterion from the current pair is more important than the other. In both cases, it is permissible to designate two or more criteria as equal.
Cardinal information about the criteria preferences. These methods assume that the user is able and willing not only to determine the order of importance of the criteria, but the importance of the relationship between all pairs of criteria as well.
Overview of Methods for Selecting the Most Suitable Variant
The aim of this part of the paper is to outline the importance and use of several methods of multi-criteria analysis regarding the selection of the variant and identification of the most suitable one.
Methods for the suitable variant selecting are divided according to what information about the preference among the criteria they require for their work (Brožová et al. 2003; Fotr et al. 2006; Jablonský 2007; Kalčevová 2008; Schum 2013; Stopka et al. 2014a ):
-methods not requiring information about preference of criteria;
Method of ranking
The method of ranking is primarily used in cases where their importance is evaluated by several experts. Each of the experts arranges the criteria from the most important to the least important. The most important criterion are evaluated by points which correspond to the number of criteria; the second most important criterion will get one point less and so on until the least important criterion only gets 1 point. In case of equal importance of the criteria, these criteria get points according to the average order (Jablonský 2007; Stopka et al. 2014a ). According to Goodwin and Wright (2009) , Mlynarovič and Hozlár (1993) , the weight of each criterion is determined by counting the points given by all experts (for a given criterion); this sum is then divided by the total number of points, which the experts shared between all the criteria. This ensures that the sum of weights of all the criteria is equal to 1.
Suitability of the method (ü). Using the method for this type of tasks is unsuitable. The disadvantage is that the resulting value of the weight is derived from the order and that preference is not given sufficient significance.
Method of comparison in Fuller triangle
If ordinal information only expresses the relationship between each pair of evaluated criteria, it is possible to use the method of pairwise comparisons. In cases where a user reviews criterion j as being more important than i, it also stands that criterion i is considered to be less important than criterion j, it is sufficient to perform a number of comparisons (n is the number of criteria). This comparison is usually done using the so-called Fuller triangle.
In each pair of elements, the element, that is considered to be more important, is circled (Belton, Vickers 1993; Kalčevová 2008; Proll et al. 1999) .
Suitability of the method (üü). Using the method for this type of tasks is less suitable. The downside, as with the previous method, is the lack of significance given to preference.
Scoring method
The importance of each criterion according to this method is expressed by a certain number of points within the defined scoring scale. Decimal numbers can also be used and more than one criterion may be assigned the same point value. This method is also used for calculating the weights in a similar way to the method of ranking where the criteria are evaluated by several experts. Each expert evaluates each criterion with a certain number of points; the more important the criterion is, the more points it gets (using a scale from 0 to 10, one criterion may get 0 points from an expert who regards it as insignificant and 10 points from an expert who regards it as absolutely important). The calculation of the weights is done in the same way as in the method of ranking (French 1986 (French , 1989 Mabin, Beattie 2006; Mlynarovič and Hozlár 1993) .
Suitability of the method (üü). Using the method for this type of tasks is less suitable. Scoring the importance of each criterion by a number of experts adds relevance. However, unlike Saaty's method, subjective assessment of the investigators is not eliminated at all.
Saaty's pairwise comparison method
This is a method of quantitative pairwise comparison of criteria introduced by Saaty et al. (1983) . For the evaluation of paired comparison of criteria, a 9-point scale is used (Zavadskas, Turskis 2011) . The researcher compares each pair of criteria and enters the values of preferences of one criterion in relation to another in the Saaty's matrix (Belton, Stewart 2002; Brožová et al. 2003; Ramík 1999; Saaty et al. 1983) . The Saaty's method can be used not only to determine the preferences among criteria, but also among variants by analysing the original task, which is overwritten as a hierarchical order Saaty 2008) . The detailed description of the Saaty's method is carried-out in the Chapter 3.3.
Suitability of the method (üüü). Using the method for this type of tasks is suitable.
Researchers compare each pair of criteria and determine the values of preferences between each other. Subjective assessment of the investigators is partially eliminated by normalization of the geometric mean.
End of Table 1 -methods requiring aspiration level of criteria; -methods using ordinal information on the criteria; -methods requiring cardinal information about the criteria. Methods that do not require information about the preference between criteria are very simple and in their plain form are rarely used.
For methods that are based on work with aspiration information on preferences between criteria, it is characteristic that they do not try to transform the information of a user into a weight (normalized) vector. Information about the importance of the criteria is expressed as the aspiration level of the criteria. These methods are useful in cases where nominal information is known about the criteria, namely aspiration values of criteria and cardinal evaluation of the variants according to individual criteria.
Methods working with ordinal information about the criteria or variants require a specification of the order of criteria importance and the order of variants according to individual criteria. Some methods are very simple and the results are more or less indicative, others are quite complicated and provide a comprehensive view of the problem.
There are several methods that require cardinal information about the criteria in terms of weights and about the variants in the form of a criteria matrix with cardinal values. In this field, there are three basic approaches to the evaluation of variants. These approaches are divided according to:
-maximization of the benefits; -maximization of the distance from the ideal variant; -preferential relationship. Table 2 . Methods for selecting the most suitable variant
Simple method of scoring
This method can be used if the model is specified using only the preference of variants according to individual criteria and criteria preferences are not known (Fotr et al. 2006; Jablonský 2007; Stopka et al. 2014a ).
Suitability of the method (ü). Using the method for this type of tasks is unsuitable. Preferences of the criteria are not known.
Simple method of ranking
The method can be used if the model is specified using only the preference of variants according to individual criteria and criteria preferences are not known as well (Brožová et al. 2003; Fotr et al. 2006; Mabin, Beattie 2006) . Suitability of the method (ü). Using the method for this type of tasks is unsuitable. Preferences of the criteria are not known.
Lexicographical method
The method is based on the principle that the most important criterion has the greatest influence on the choice of a variant. Only in cases where several variants are rated, the same is the next most important criterion taken into account. If an alternative variant is not selected based on this second criterion, the third most important variant is taken into account, and so on. The algorithm stops at the moment when only one variant is selected or when all criteria taken into account have been considered. The alternative variants are then all those that remained equally evaluated after the last criterion (Brožová et al. 2003; Fotr et al. 2006; Jablonský 2007) .
Suitability of the method (ü). Using this method for this type of tasks is unsuitable because it does not take into account values obtained by other criteria.
Permutation method
According to DCLG (2009) and Zopounidis, Pardalos (2010) , with this method, it is important to know the order of importance of individual criteria. Further, it is important to realize that the number of variant permutations m is m!, which is a major deficiency of this method. For this method, it is necessary to know either the weights of individual criterion or at least the order of their importance.
Suitability of the method (ü). Using this method for this type of tasks is unsuitable. It is important to know the order of importance of individual criteria and realize that the number of variant permutations m is m!
ORESTE method
As was stated by Jablonský (2007) and Kalčevová (2008) , the method requires as input only ordinal information on criteria and variants. The investigator is required to complete quasi-ordering the criteria and to complete quasi-ordering the variants according to individual criteria i.e. indifference of criteria and variants is permitted. First, the distance of each variant according to each criterion from the fictional start is determined (order numbers of the fictional variant and fictional criterion are 0). Based on this calculated distance, the variants are arranged according to certain rules.
Suitability of the method (ü). Using the method for this type of tasks is unsuitable because it requires as input only ordinal information on criteria and variants.
Technique for Order of Preference by Similarity to Ideal Solution (TOPSIS) method
The method is one of the methods where the evaluation of options is performed by comparison with ideal variants. To express the distance between variants, different units are used. The TOPSIS method is based on the classical Euclidean metric space (Fiala et al. 1994; Kalčevová 2008; Stopka et al. 2014a) . However, for the calculation of the final order of variants, it is necessary to know the exact values of individual criteria assigned to each variant.
Suitability of the method (üü). Using this method for this type of tasks is less suitable. In order to determine the overall rating for each variant, it is necessary to know the exact values of the criteria assigned to individual variants.
Data and Methods

Variants Identification
In stage one, it is necessary to identify a set of variants from which the final solution will be selected. The following different types of handling space layout were identified.
Handling Space Layout 1: Horizontal Type
In this variant, the loading units are stacked horizontally, that is parallel to the main railway tracks, reloading tracks and main road infrastructure, as shown in Fig. 1 . This type of loading units stacking is used in many maritime ports as a part of modern multimodal logistics centers (Nazari 2005; Seaport Intermodal 2014) .
All gantry cranes serve only the loading units stacks cells, possibly even articulated vehicles, not the block trains. Generally, each line of stacks cells is served by one gantry crane or/and by reach-stacker. All block trains and reloading trains are only served by reachstackers. All horizontal roads of this layout are unidirectional. Horizontal roads are used for loading and unloading of articulated vehicles and are suitable for transit routes as well.
All ancillary vertical roads are only used for the transit of articulated vehicles and reach-stackers, not for loading and unloading (Drašković 2008; Nazari 2005 ; Seaport Intermodal 2014).
Handling Space Layout 2: Modified Horizontal Type
In this type of layout, the loading units are stacked in a horizontal position to the main railway tracks, reloading tracks and main road infrastructure as well (Fig. 2 ) (Drašković 2008; Nazari 2005) .
Difference compared with the previous type lies in the fact that all block trains and reloading trains are served by both the gantry cranes and reach-stackers as well. Loading units stacks cells and articulated vehicles are served by one kind of gantry cranes and by reachstackers. Block trains and reloading tracks can be served
Weighted Sum Analysis (WSA)
The method requires cardinal information, criteria matrix Y and a vector of criteria weightings v. It constructs the overall rating for each variant and so it can be used for finding one of the most suitable variant as well as for arranging variants on a scale from the best to the worst. With this method, we work with the weights of individual criterion, which are either entered or estimated appropriately. Thus, we get the weightings v = (v 1 ,v 2 ,...,v k ) for k of maximization criteria (Ivaničová, Brezina 1997; Jablonský 2007; Stopka et al. 2014a) . The method of weighted sum then maximizes the weighted sum i.e. (Jablonský 2007; Kalčevová 2008 ):
Hence, we calculate the value of the weighted sum for each variant and as a compromise variant select the one with the highest weighted sum (Fotr et al. 2006; Jablonský 2007) . Similarly to the TOPSIS method, for the calculation of the final order of variants, it is necessary to know the exact values of individual criteria assigned to each variant.
Suitability of the method (üü). Using the method for this type of tasks is less suitable. In order to determine the overall rating for each variant, it is necessary to know the exact values of the criteria assigned to individual variants.
Analytic Hierarchy Process (AHP) method
This is a method of decomposition of a complex unstructured situation into simpler components, thereby creating a hierarchical system for a problem (Kalčevová 2008; Saaty 1983 Saaty , 2008 . At each level of the hierarchical structure, the Saaty's method of quantitative pairwise comparison is used. Using subjective ratings of pairwise comparison, this method then assigns quantitative characteristics to each component indicating their importance. Synthesis of these evaluations then determines the component with the highest priority, which the investigator focuses on in order to obtain a solution to the decision problem (Saaty 1983 (Saaty , 2008 (Saaty , 2012 Stopka et al. 2014a ). This method does not require the exact values of individual criteria assigned to each variant in order to determine the overall order of the variants (Kalčevová 2008; Saaty 1983) . The detailed description of the AHP method is carried-out in the Chapter 3.3.
Suitability of the method (üüü). Using the method for this type of tasks is suitable. In order to determine the overall order of variants, it is not necessary to know the exact values of the criteria assigned to individual variants.
End of Table 2
Fig. 1. Horizontal type of handling space layout by reach-stackers and also by another kind of gantry cranes (Nazari 2005; Tauzović 2001 ). Given the higher number of cranes compared to the previous variant, the articulated vehicles travel a shorter distance and the traffic is less since a smaller number of vehicles is needed.
Whole road infrastructure is just horizontal type and all roads are unidirectional. Road infrastructure is suitable both for loading and unloading of articulated vehicles by reach-stackers and gantry cranes, and for transit routes. Generally (Tauzović 2001) , there are not any vertical roads in the modified horizontal type of layout. Elimination of vertical roads and a smaller number of vehicles cause that the overall handling and warehousing capacity is increased.
Handling Space Layout 3: Vertical Type
In this type of layout, loading units are stacked vertically, that is perpendicularly to the main road infrastructure, main railway track and reloading tracks, as shown in Fig. 3 (Drašković 2008; Nazari 2005) .
There are ancillary horizontal roads in this layout, which are part of the ring road. These roads are unidirectional and are used both for loading and unloading of vehicles and for the transit. Vertical roads are bidirectional and are used both for loading and unloading of vehicles and for transit routes as well. Roads in this handling space layout provide a faster access to stacks cells.
The cranes serve the vehicles based on first come first served rule. Loading units stacks cells and articulated vehicles are served by gantry cranes and by reachstackers. All block trains and reloading trains can be served only by reach-stackers (Drašković 2008; Nazari 2005; Tauzović 2001 ).
Handling Space Layout 4: Combined Type
Fourth variant presents a combined form of previous layouts (Fig. 4) . Loading units are stacked vertically to the main road infrastructure and main railway track and horizontally to the ancillary roads, railway sidings and reloading tracks (Drašković 2008; Nazari 2005; Seaport Intermodal 2014) .
In this variant, the articulated vehicles move into the horizontal roads very rarely (in fact, these roads can be eliminated in favour of more stacking capacity); instead they are loaded or unloaded at the tail of the line of stacks cells. In most cases, railway sidings and reloading tracks replace the horizontal ancillary roads (Drašković 2008; Tauzović 2001) . Gantry cranes have to travel along the stacks cells to load or unload. This means the vehicles travel a shorter distance, gantry cranes and reachstackers are utilized more and the traffic is less since a small number of vehicles is needed.
Criteria Identification
Stage two of the multi-criteria analysis process includes a set of criteria identification, which influences the decision-making process in the context of selecting the suitable variants (Fotr et al. 2006; Kalčevová 2008) . Developing a tailor-made system of evaluation criteria is an important step in the whole multi-criteria analysis process, one that can significantly affect the overall outcome of the evaluation (Fotr et al. 2006) .
The rational creation of evaluation criteria significantly depends on a thorough knowledge of the object of evaluation and on a systemic understanding of its structure and its functions. The set of criteria must be comprehensive i.e., it must reflect the essential characteristics of the objects (variants) . If the latter is not the case, a gross distortion in the results may occur (Fotr et al. 2006; Saaty et al. 1983; Triantaphyllou 2000) . It is necessary to differentiate the criteria according to the type of preference (Kalčevová 2008) : increasing preference (maximization, profit), decreasing preference (minimization, loss) and alternating preference -preference changes when a certain value is achieved.
Decision-making for a typical handling space layout requires considering more than one criterion into account. After determining the objectives of the available knowledge analysis, relevant to this paper, five criteria primarily from transport-economic fields were identified.
While many criteria can be translated into (a) cost, still there are some points that should be looked at in a more qualitative way as we need a design with: (b) minimum loading units' transhipment time, (c) minimization of roads and railway infrastructure to create more warehousing capacity, (d) greater accessibility of handling and handling space for vehicles and trains in switching from import to export area, (e) less traffic as a result of smoother configuration to avoid congestion and less area needed for handling and warehousing space construction.
Actually, this shows the multi-criteria property of decision-making in this regard i.e., we would deem:
-cost (fixed and variable costs); -loading units' transhipment time (T-time); -warehousing capacity (W-capacity); -accessibility and flexibility (A&F); -traffic and area (T&A).
Cost
Considering the assumptions in variant 4, horizontal roads are eliminated i.e., more stacks and there is a need for more gantry cranes, reach-stackers and reloading tracks (Nazari 2005) . Apparently, that is the reason why this variant has the highest cost compared to the other ones. However, this layout needs the least number of articulated vehicles as the distance for vehicles travel is less and more gantry cranes are there to serve. Based on the above-mentioned assumptions, variant 2 is next, then variant 1 and variant 3 is of the least cost (Drašković 2008; Nazari 2005; Seaport Intermodal 2014) .
Loading Units' Transhipment Time (T-time)
Variant 4 has the minimum T-time with a minimum number of vehicles and less traffic, compared to the other variants. Layout 2 is next, due to a small number of vehicles. Variant 3 is the third in the order and the highest T-time belongs to variant 1 with a same number of vehicles needed. The reason is that dissimilar routings of the variants result in shorter average transhipment time for vehicles in layout 3 compared to those in layout 1 (Drašković 2008; Seaport Intermodal 2014; Tauzović 2001) .
Warehousing Capacity (W-capacity)
Layout 4 is the most capacious followed by layout 2, 3 and 1. In layout 4 and 2, one type of roads is eliminated so the warehousing capacity is increased. In addition, the capacity of the variant 2 is higher than variant 3 because of the less road infrastructure used for transhipment of loading units from vehicles (Seaport Intermodal 2014; Tauzović 2001 ).
Accessibility and Flexibility (A&F)
In terms of using the gantry cranes and reach-stackers in both import and export area and roads as well, layout 3 is the best. Considering the existence of horizontal and vertical roads, layout 1 is suitable in terms of accessibility as well. On the other hand, this layout 1 is not flexible in using gantry cranes. Layout 4 and 2 are flexible in using handling equipment but are not accessible (Nazari 2005; Tauzović 2001 ).
Traffic and Area (T&A)
As mentioned above, due to small number of articulated vehicles, variant 4 has the least traffic followed by variant 2. Variants 1 and 3 have just as much traffic.
In terms of size of the area needed for handling and warehousing space construction, layout 4 is the best. In this variant, horizontal roads are eliminated and replaced by railway sidings and reloading tracks. In this case, railway infrastructure takes less space so the size of total area can be reduced. A similar case is variant 2. However, vertical roads eliminated in this layout intended only for transit take less space than eliminated horizontal roads in previous variant. The size of the land for warehousing area of the layout 1 is smaller than layout 3 because of the less road infrastructure used for loading units' transhipment as well (Nazari 2005; Seaport Intermodal 2014; Tauzović 2001 ).
Determining the Key Methods
Selecting the suitable method depends on the perspective of the investigator interested in the subject. As mentioned above (Chapter 2), there are many different methods of multi-criteria analysis, which can help in selecting the handling space layout. In practice, however, many methods cannot be used because they do not allow for the processing of all the intricacies intended in this issue and the fact that we do not know the details of the customers and users of maritime ports, which we could have analysed (Linkov, Ramadan 2005; Saaty 1983 ).
On this basis, it was decided to use the AHP method (Saaty 1983 (Saaty , 1986 ), which appears to be relatively easy to handle and easy to apply to the complex and difficult task of selecting the handling space layout.
In its calculation, the AHP method uses criteria with set weightings. Again, there are several methods to determine the criteria weightings (Chapter 2). For the purposes of this paper, the Saaty's pairwise comparison method ) was chosen. A number of criteria have lesser or greater effect on the layout selection. It was therefore necessary to choose such a method, which allows human judgment to determine the relationship preference between two criteria being compared. Furthermore, the Saaty's method allows for the detailed division of these preferences (Linkov, Ramadan 2004; Ramík 1999; Saaty et al. 1983 ).
Saaty's Method
As mentioned above (Chapter 2), this is a method of quantitative pairwise comparison of criteria . For the evaluation of paired comparison of criteria, a 9-point scale is used: -1 -equal criteria i and j; -3 -slightly preferred criterion i above j; -5 -strongly preferred criterion i above j; -7 -very strongly preferred criterion i above j; -9 -absolutely preferred criterion i above j. It is possible to use intermediate values (2, 4, 6, 8) as well. Matrix elements S = (s ij ) are interpreted as estimates of the proportion of the weights of the i-th and j-th criteria (Belton, Stewart 2002; Saaty et al. 1983; Triantaphyllou 2000; Zavadskas, Turskis 2011) .
The researcher compares each pair of criteria and enters the values of preferences of i-th in relation to the j-th criterion in the Saaty's matrix S = (s ij ). In case that j-th criterion is preferred above that of the i-th criterion, inverse values are entered into the Saaty's matrix (s ij = 1/3 for low preference, s ij = 1/5 for strong preference, etc.) Triantaphyllou 2000) .
This already indicates the basic characteristics of the Saaty's matrix. Saaty et al. (1983) designed several numerically very simple ways by which the weights can be estimated. Vector of their values are denoted as v = (v 1 , v 2 , …,v k ). The most commonly used method of calculating weights is the normalized geometric mean of a row in a Saaty's matrix, the procedure is sometimes called 'logarithmic least squares method' Saaty 1983) .
The 'priority vector' i.e., the normalized weight is calculated for each criterion using the geometric mean of each row in the matrix divided by the sum of the geometric means of all the criteria (Kalčevová 2008; Saaty et al. 1983; Saaty 1983) .
Calculating the geometric mean of each row of the matrix S:
where: g i -geometric mean; s ij -elements of Saaty's matrix; P -product of values of Saaty's matrix elements. Normalization of the geometric mean:
where: v i -normalized geometric mean; g i -geometric mean; S -sum of geometric means' values.
AHP Method
The AHP method, first suggested by Saaty (1983) more than three decades ago, is one of the widely used multicriteria decision-making methods. AHP can effectively handle both qualitative and quantitative data to decompose the problem hierarchically where the problem is thoroughly broken down. Concerning the hierarchical level, sub-elements of the problem are listed to the subobjectives in relation with the overall objective (Ramík 2000; Saaty 1986 Saaty , 2012 . General AHP procedure is composed of four main phases (Fig. 5) (Kalcevova 2008; Saaty 2005 Saaty , 2008 Saaty , 2012 : 1) hierarchical problem decomposition: identifying the decision problem and overall goal/objective -the problem is decomposed into sub-elements hierarchically (which are structured at different levels in the form of a hierarchy, from the top through the intermediate to the lowerlevel, which usually contains a finite number of decision elements); 2) evaluation phase: the relative importance of each element at a particular level is measured by a procedure of pairwise comparison; decisionmakers provide numerical values for the priority of each element using a rating scale; 3) synthesis of variants (ranking): the priority weights of elements at each level are computed using an eigenvector or least square analysis; 4) result: the above process is repeated for each level of the hierarchy until a decision is finally reached by overall composite weights. The goal is to select the variant that results in the greatest value of the objective function (Saaty 2012) . This is a compensatory optimization approach.
Results and Discussion
Determining the Criteria Weightings
The first step of the Saaty's method is to determine the relationship between each pair of criteria when the level of significance (preference) is determined in a spot range between 1-9 Saaty 1983 ). This is determined as follows: -to ensure the greatest possible objectivity in selecting the suitable warehousing and handling space layout, five experts from the field of intermodal transport, water transport, logistics and freight forwarding were asked to determine preferences between individual criteria; each of the five experts set a level of significance for each pair of criteria; -for each element of the matrix, a product of the sub-matrices of all experts was established and then the average was calculated. Subsequently, elements of the Saaty's method were used for further calculations. The individual values obtained from a procedure of the criteria weightings de- 
Determining the Most Suitable Variant
In our case, the AHP method enables to assess the suitability of four determined variants of handling space layout. The order of four handling space layouts based on the overall preferences expressed by the experts' assessment is the outcome of this method. Assigning the judgment of decision-makers (experts) to each of the criteria was the first step of this method. Subsequently, according to the general AHP procedure, a comparison of individual layouts between them by each determined criterion was performed (Saaty 2008; Stopka et al. 2014a Stopka et al. , 2014b .
Again, five experts were asked to determine preferences between individual variants by each criterion. Each of the five experts set a level of significance for each pair of layouts by the corresponding criterion (Kampf et al. 2012) . In addition, for each element of the matrixes assessment (Saaty 2012; Stopka et al. 2014b ), a product of the sub-matrices of all experts was established and then the average was calculated.
All comparisons of the layouts for each criterion (cost, T-time, W-capacity, A&F, T&A) are presented in the following tables (Tables 4-8) .
In total, six criteria were determined and for each one its weight was calculated. This weight must be subdivided among the layouts.
Weight of each criterion and also layouts weights according to these criteria were calculated (Tables 3-8) .
In order to determine the overall order of layouts, sum of values of each variant by the individual criterion multiplied by the weight of the corresponding criterion was counted.
Subsequently, layouts were placed in descending order whereby the order of variants was identified (Table 9). 
Conclusions
Based on the performed analysis of the existing methods of the multi-criteria analysis (Chapter 2), realized calculations and obtained results (Chapter 4), it can be stated that the AHP method can be used as one of the possibilities in the matter of decision-making on the most suitable scenario in handling space layout among four proposed layouts. The horizontal type as the first layout, then the modified form of previous one would be the second layout, the third layout is a vertical type and the fourth layout is a combined form of previous layouts. In this connection, the following performance criteria have been considered in the decision-making process:
-cost; -loading units; -transhipment time; -warehousing capacity; -accessibility and flexibility, -traffic and area. Ultimately, having considered the above results of the calculations (Table 9 ) of the overall order of layouts, layout 3 -modified horizontal type appears to be the most suitable handling space layout for the loading units warehousing and handling in the maritime port followed by layout 4, layout 1 and layout 2.
The AHP method allows for the reduction in the number of criteria that are taken into account in search of solutions (Kalčevová 2008; Ríos 1994) .
Preferences differ from one decision-maker (expert) to another; therefore, the outcome depends on who is making the decision and what their goals and preferences are (Goodwin, Wright 2009; Kampf et al. 2012; Mlynarovič, Hozlár 1993) .
Furthermore (Stopka et al. 2014b; Tauzović 2001) , in future the managers and operators of maritime ports should be more involved with non-monitory issues and decision criteria, such as environmental issues like air and noise pollution etc. 
